A major market for processed wood from C&D debris recycling operations is fuel in combustion facilities. As will be discussed later, the presence of CCA-treated wood in combustion systems can have several potential negative impacts. For a system designed and permitted to combust only clean wood debris, the CCA-treated wood should ideally be removed prior to combustion. However, the identification and segregation of CCA-treated wood from untreated wood can be a challenge. CCA-treated wood that has been separated from the rest of the waste stream must still be disposed of properly.
At the current time, however, no commercially viable recycling markets for the material exist. Combustion in waste-to-energy 103 (WTE) facilities or some type of designated combustion operation has been proposed by some as perhaps the best available solution for managing discarded CCA-treated wood.
This paper explores Issues and concerns surrounding CCA-treated wood as related to the WTE industry. Background information on the subject, including an update of the current regulatory status of CCA-treated wood, is reviewed. The magnitude of the CCA-treated wood waste stream, both now and in the future, is explored. Potential regulatory and environmental impacts on ash quality and air emissions are discussed. Since recycling options are very limited for CCA-treated wood at the present time and because of concerns from landfilling large volumes of this material, combustion facilities may play an important role in the future management of this waste stream.
CCA-TREATED WOOD BASICS
Wood products are often "treated" with a chemical preservative to retard the process of decay in the environment. Many wood species, including those used predominantly in the construction industry, require preservative treatment if they are used outdoors, especially in warm and wet environments such as Florida.
Several types of wood preservatives have been developed, including oil borne preservatives such as creosote and pentachlorophenol, and water-borne preservatives such as chromated copper arsenate (CCA). Treated wood products are used to construct items such as fences, decks, docks, and play-sets and are required in building construction for wood in contact with the foundation. Treated wood products are also used for utility poles and marine pilings.
The most common water-borne preservative used in recent years has been CCA, which is sold in most retail stores as "pressure treated" wood. The wood treatment industry has standardized several different formulations of CCA (see Table 1 ). Type C is the primary formulation in current use. The chemicals give the wood a greenish cast, which intensifies when the treatment level increases. The amount of preservative added to the wood is dictated by the wood product's intended end-use (see Table 2 ). concentrations of approximately 2100, 3000, 1800 mg/kg, respectively .
IS CCA-TREATED WOOD A HAZARDOUS WASTE?
As previously mentioned, CCA-treated wood is encountered as part of the solid waste stream, most often as part of C&D debris, but also at times as part of municipal solid waste (MSW). The typical management practices for discarded CCA-treated wood will be discussed in a later section, but first, The federal register notice discussing the rationale for this exclusion cites the fact CCA-treated wood was already reviewed for its environmental and human health impacts under federal pesticide rules, and was found to be safe for use. At least one state (Minnesota), however, did not adopt the exclusion as part of their state hazardous waste regulations.
Recently, the EPA was petitioned to delete this regulatory exclusion for CCA-treated wood, but had not acted on the petition at the time this paper was prepared.
In the absence of the exclusion for CCA-treated wood, another exclusion warrants discussion. 
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While chromium is a TC metal, the intent was to regulate wastes containing the more toxic form - This waste is sometimes managed in roll-off boxes but more frequently it is managed by hauling directly in trucks.
Loads containing predominantly wood, in addition to being hauled to a landfill, might be sent to a wood recycling facility, a WTE facility, or to an industrial facility that burns wood as fuel. For example, treated railroad ties and utility poles are often disposed of at combustion facilities.
C&D debris processing facilities range in size and the amount of separation performed; some facilities rely primarily on manual labor for separation while others utilize a variety of different mechanical equipment to separate the waste components. Figure 1 presents a typical C&D debris recycling facility in South Florida.
Wood separated at these facilities or collected at wood recycling facilities is normally ground using a tub grinder or horizontal shredder. The primary markets for this ground wood are boiler fuel and colored mulch. (Fig. 2) . However, this estimation does not account for the new EPA ban on the use of CCA-treated wood. This ban will be discussed later in the paper. A larger challenge might be the impact of CCA-treated wood on ash. The three metals in CCA will be concentrated in the WTE ash.
IMP ACT ON WTE FACILITIES
This has a few potential side effects. If the TCLP leachable metal concentrations are above the TC limit, the ash would be a hazardous waste. Management of the ash as hazardous 
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Lumber, TImbers, waste would have large economic implications. Even if the ash was not a hazardous waste, elevated metals concentrations might limit reuse options from the ash. Many states have guidelines for determining when solid wastes such as WTE ash can be beneficially used in the environment. In Florida, for example, before a waste could be land applied, both the total (mglkg) and leachable (mgIL using the synthetic precipitation leaching procedure) metal concentrations would need to be below risk-based guidance concentrations.
The authors have conducted research on the impact of CCA-treated wood on ash properties (Solo-Gabriele et al. 2002) . Figure 3 presents the arsenic concentrations in several wood ashes, some from the combustion of pure CCA-treated wood, others from the combustion of processed C&D debris wood containing CCA-treated wood. All of the CCA-treated wood samples exceeded the TC limit for arsenic and would thus be characterized as a hazardous waste. One of the two C&D debris wood ashes in Fig. 3 exceeded the 5 mgIL TC limit for arsenic. In another experiment (not shown), the authors found that at levels of approximately 5% CCA-treated wood in a wood mix, the ash would fail the TCLP. At levels less than hazardous, the concentration of arsenic that results from even less than 1 % of the combusted waste stream being CCA-treated wood would probably greatly limit reuse options.
Chromium can also pose a potential problem. Research has shown that trivalent chromium can become oxidized to hexavalent chromium when combusted. Figure 4 (A) shows the concentrations of chromium in the same ash samples as in Figure 3 (Song 2002 ).. While not the dominant form of chromium in the ash, hexavalent chromium was found in all of the ashes from CCA treated wood or from mixed wood containing CCA treated wood. Figure 4 B presents the concentration of total chromium and hexavalent chromium in the wood ash. Some of the ash samples contained leachable hexavalent chromium and others did not. When chromium was measured in the leachate, it was all in the hexavalent form. The pattern did not correlate with retention value of the original wood burned. The leachable chromium measured for the 0.25 pcf wood sample ash was much greater than that measured in the 2.5 pcf wood sample ash. Hexavalent chromium was formed in all samples that contained CCA-treated wood, but was not leachable in all samples. Changes in 108 combustion conditions play a role In the different chromium species formed.
THE FUTURE OF PRESSURE TREATED WOOD
The U.S. Environmental Protection Agency (EPA) recently announced that the wood treatment industry will phase out CCA-treated wood from many uses (predominantly residential) by the end of 2003 (FR 2001) . CCA-treated wood will still be used for applications such as plywood, and nonresidential applications such as utility poles, cross-ties, marine pilings, and highway guardrail blocks. Thus the amount of CCA treated wood in the waste stream will at some time in the future decrease. But it is important to realize that the majority of CCA-treated wood products ever produced are still in service, and thus an increasing amount will still enter the waste stream in the coming decades (see Fig. 2 ). Only a while after this wood starts getting removed from service will the amount of CCA-treated wood entering the waste stream start to decrease. So the challenge is how to manage the surge of material expected in the coming decades.
The potential risks posed by CCA-treated wood may also result in a more rapid removal of some of this material from service, thus increasing the amount entering the waste stream (the peak of the curve in Fig. 2 will be reached sooner). For example, the consumer product safety commission (CPSC) recently concluded that arsenic exposure to children playing on CCA-treated playground equipment increases their cancer risk. Thus the CPSC has petitioned the U.S. EPA to ban the use of CCA-treated wood for use in playground equipment (FR 2001) . As a result, consumers and public agencies might start removing CCA-treated wood from playgrounds before its prescribed life span and thus increase the amount of CCA treated wood entering the waste stream. This has already happened in some locations.
A natural question to ask is "what will replace CCA-treated wood and what will its impact be?" While there will be an increase in the use of alternatives to wood, such as plastic lumber for residential uses or concrete or metal for industrial uses, most CCA-treated wood products will simply be replaced with wood products treated with a . differ � t chemical preservative, one that does not contam arsemc or chromium. The primary preservatives that will replace CCA are alkaline copper quaternary (ACQ) and copper boron azole (CBA). These alternative chemicals contain a larger amount of copper than CCA as well as an organic co-biocide. In a WTE facility, the co biocides should be destroyed and the copper would remain in the ash. While elevated copper concentrations could possible pose some ash reuse problems, they could not cause the ash to be a hazardous waste. In the experiments conducted on the CCA-treated wood ash (those referenced in Figs. 3 and  4) , copper leached the least of all three metals ..
OPPORTUNITIES FOR WTE FACILITIES
While the environmental concerns associated with CCA-treated wood and their possible impacts on combustion systems should be recognized and addressed, the need for disposal of this material represents a possible opportunity for the WTE community. There are currently no economically viable recycling alternatives for CCA-treated wood other than reuse, which simply postpones the time until it is disposed. While not currently legislated, many disposal facilities are going to start turning away loads of CCA-treated wood. Recycling facilities will be required to remove treated wood to maintain the product quality. Disposal options will be limited.
Some have proposed that disposal of CCA-treated wood by combustion facilities equipped with appropriate air pollution control equipment might be th � �est . a ,,: aila�le solution. This could take the form of mlxmg It m WIth MSW at WTE facilities or by operating dedicated combustion systems. As previously stated, concerns about ash quality might dictate a facility's decision to accept this material, but if the ash is not haz � rdous (which it should not be as long as the wood IS co combusted with sufficient MSW), then it could still be legally disposed in a lined landfill. While perha � s n � t the best solution from an environmental standpomt, It should prove better than disposal of treated wood in unlined landfills. In addition, some sorbent systems show the possibility of creating forms of arsenic in the ash that are much less leachable.
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Another option is creating a designated combustion facility for CCA-treated wood. In this case, the ash could be captured and sent to a hazardous waste disposal facility, or the metals could possibly be extracted from the ash. Pyrolysis systems have been proposed specifically for the treatment of CCA-treated wood (ReIsen and Van den BuIck 2000a; Helsen and Van den BuIck 2000b) 
